Unanticipated land-and-cut maneuvers might emulate lower limb mechanics associated with anterior cruciate ligament (ACL) injury. Reliability studies on landing mechanics of such maneuvers are however lacking. This study investigated feasibility and within-session reliability of landing mechanics of a novel one-leg double-hop test, mimicking a land-and-cut maneuver, in individuals with ACL reconstruction (ACLR). Our test comprised a forward hop followed by a diagonal hop in either of two directions (medial/lateral) under anticipated and unanticipated conditions. Twenty individuals with a unilateral ACLR (aged 24.2 ± 4.2 years, 0.7-10.8 years post-surgery) performed three successful hops/direction per leg. We determined reliability (intraclass correlation coefficient [ICC]) and agreement (standard error of measurement [SEM]) of 3-dimensional hip and knee angles and moments during the deceleration phase of the land-and-cut maneuver (vulnerable for non-contact ACL injuries). Mean success rate for unanticipated hops was 71-77% and for anticipated hops 91-95%. Both limbs demonstrated moderateexcellent reliability (ICC 95% confidence intervals: 0.50-0.99) for almost all hip and knee peak angles and moments in all planes and conditions, with a few exceptions: poor-good reliability for hip and knee frontal and/or transverse plane variables, especially for lateral diagonal hops. The SEMs were 5°and 0.23 NÁm/kgÁm for most peak angles and moments, respectively. Our test seems feasible and showed satisfactory reliability for most hip and knee angles and moments; however, low knee abduction and internal rotation angles and moments, and moderate reliability of these moments deserve consideration. The test appears to challenge dynamic knee control and may prove valuable in evaluation during knee rehabilitation.
Introduction
Injury of the anterior cruciate ligament (ACL) is common in sports. Around 20-30% of athletes re-injure their ACL at returnto-sport following ACL reconstruction (ACLR) (Wiggins et al., 2016) . Nearly 70-80% of these injuries occur either in noncontact or indirect contact situations (Griffin et al., 2000; Kobayashi et al., 2010) , often with full loading on one-leg during landing or cutting maneuvers with the knee being relatively extended and abducted (Cochrane et al., 2007; Olsen et al., 2004) . Implementation of physiotherapeutic modalities to increase neuromuscular function and alter aberrant lower limb positions are considered the most effective way to reduce ACL (re)injury incidence (Sugimoto et al., 2016) . Mastering sports-specific skills such as side-and cross-cutting has therefore been emphasized (Brown et al., 2014; Lopes et al., 2018) .
Cutting maneuvers are employed to assess noncontact ACL injury risk (Besier et al., 2001a; Brown et al., 2014; Kim et al., 2014; Whyte et al., 2017) . A one-leg double-hop test involving an unanticipated change in hop direction may be more suitable to mimic a land-and-cut maneuver, compared to other similar tasks (e.g. a jump stop unanticipated cutting maneuver involving both legs (Ford et al., 2005) ). The one-leg double-hop test requires sufficient movement control with full loading on the leg being tested and does not allow any compensation by the contralateral leg. The test would allow comparison of joint mechanics between groups (healthy vs. ACL injured) and/or between legs, and perhaps be useful in screening for biomechanical risk factors of an ACL injury.
However, there is no consensus on how to best assess such data, partly due to a lack of established tests with reliable kinematic and kinetic outcome measures. Only a few studies have reported within-and/or between-session reliability of such outcome measures for the lower limbs during, for instance, side-cutting (Alenezi et al., 2016; Besier et al., 2001b; Marshall et al., 2014; Mok et al., 2017; Sankey et al., 2015; Sigward and Powers, 2006) , bilateral vertical drop jump (Ford et al., 2007; Malfait et al., 2014; Mok et al., 2016) , single-leg drop landing (Alenezi et al., 2014) , and bilateral stop jump (Milner et al., 2011) . These studies report good to excellent reliability for most biomechanical variables of the lower limb, although with lower reliability for knee rotation angles and/or moments. Realizing the need for a hop test with an unanticipated change in direction to evaluate biomechanical risk factors of ACL injury, we recently presented a novel unanticipated one-leg double-hop test for healthy controls (Arumugam et al., 2019) . The test showed adequate reliability for most kinematic and kinetic variables of the hip and knee in healthy women. However, since altered lower limb landing mechanics during sidecutting has been reported for individuals with ACLR compared to controls Pollard et al., 2015; Stearns and Pollard, 2013) , it is not possible to extrapolate the reliability estimates of the aforementioned study on healthy individuals to individuals with ACLR.
This study was aimed at assessing feasibility, observing movement patterns, and evaluating within-session reliability of hip and knee landing mechanics during the novel one-leg doublehop test performed under unanticipated and anticipated conditions in individuals with ACLR. It was hypothesized that the novel test would be feasible, and hip and knee peak angles and moments would be reliable.
Methods

Study design and setting
A cross-sectional study was performed at the U-Motion laboratory, Umeå University, Sweden. The Regional Ethical Review board approved the study (reference: 2015/67-31). All participants signed an informed consent. This study followed the guidelines for reporting reliability and agreement studies (Kottner et al., 2011) .
Participants
A minimum of 13 participants was required to achieve an ICC of 0.9 (minimal acceptable value: 0.7) with an a of 0.05 and a b of 0.20 for a task with 3 repetitions (Walter et al., 1998) . As there is a high risk of hop failure owing to an unanticipated change of direction, 20 participants were deemed necessary for the study.
Twenty individuals who had undergone a unilateral ACLR (hamstring autograft, ipsilateral leg) (Table 1) were recruited via the university and its hospital, a local clinic, and sports clubs. All participants were at the end stage or had completed rehabilitation and were able to perform hop tests without any pain or discomfort. Participants with any other musculoskeletal, rheumatic, neurological or systemic disorder/disease were excluded.
Equipment
An eight camera 3-dimensional motion capture system (Oqus, Qualisys, Gothenburg; 240 Hz), 56 retroreflective markers, and two force plates (Kistler, Winterthur, Switzerland; 1680 Hz) were used.
Procedure
A physiotherapist clinically screened the participants for eligibility, and demographic and anthropometric data were noted. Participants wore tight training shorts (and a sports brassiere for females) and performed the tests barefoot after retroreflective markers were placed ( Fig. 1) . A standing trial was recorded to define the segmental coordinate system, with hip joint centers defined from hip circumduction movement (Leardini et al., 1999) and knee joint centers defined from the markers on the femoral epicondyles.
The one-leg double hop test consisted of an initial forward hop followed by a subsequent change of direction, performed as a diagonal hop in the medial or lateral direction, performed under two conditions (anticipated and unanticipated). Participants held a short rope (25 cm long) with their hands behind the back to standardize and reduce trunk/arm movements and avoid obscuring of (pelvic and hip) markers during the task. Following two familiarization trials per leg, participants performed five or more trials per direction (medial/lateral) per leg (ACLR/uninjured) for each condition (unanticipated/anticipated) until they achieved three successful trials per direction per leg for each condition. They performed the unanticipated hops before the anticipated hops. The target (landing) areas on the floor were lit up from a ceilingmounted projector. Participants stood with one leg on a force plate (A) and hopped forward onto another closely installed force plate (B) (Fig. 2) . The subsequent unanticipated direction at take-off was guided by the light signal, activated after vertical ground reaction force fell below 80% of its peak magnitude on force plate A, to medial (UMDH) or lateral (ULDH) side of the weight-bearing leg. The time corresponding to onset of the light signal to initial foot contact on force plate B was calculated as planning time (300 ± 25 ms). Participants were required to perform the diagonal hop (45°) in an agile manner after receiving the visual cue, and land on the illuminated area at a distance of 25% of the individual's height. For the anticipated trials (medial [MDH] and lateral diagonal hops [LDH]), visual cues were provided at the beginning of each trial. Successful trials were screened real-time (JLM) and verified later offline (AA). For a trial to be successful, the participants hopped in the right direction, landed within the illuminated target zone, and maintained balance for~3 s upon landing. The trial was considered unsuccessful if the participants hopped in the wrong direction, touched ground with the non-weight bearing foot or paused upon landing, were unable to land over the target areas, had extra hops upon landing or if the hands let go of the rope.
Kinematic and kinetic analysis
The markers ( Fig. 1) were tracked with Qualisys track manager (v.2.2, Qualisys AB, Sweden), and a 6 degrees-of-freedom full-body model with eight rigid segments (trunk, pelvis, thighs, shanks, and feet) was employed using Visual3D (CA Motion Inc., Maryland, USA). Marker trajectories were filtered at 15 Hz with a critically damped digital filter before further calculations. Peak hip and knee angles and moments were analyzed during the deceleration phase of the land-and-cut maneuver, spanning from initial contact (IC, identified by an initial increase in vertical ground reaction force by 20 N) to peak knee flexion (Park et al., 2011) of the landing limb on force plate B. These angles were calculated using the orientation of coordinate system of the distal segment in relation to that of the proximal segment, using a Cardan rotation sequence of x (mediolateral axis, flexion[+]-extension[À]), y (anteroposterior axis, adduction[+]-abduction[À]), z (longitudinal axis, internal rotation [+]-external rotation[À]). Using a similar convention (foot coordinate system in relation to that of the lab), the angle-of-foot placement (around z axis) was determined. The angle-of-cut was calculated, using a virtual fore-foot marker in relation to the Y coordinate axis of the lab, between the toe-off event (a fall in vertical ground reaction force below 20 N on force plate B) and IC (peak acceleration of the virtual marker [z]) of the fore-foot on the floor following the diagonal hop. Joint kinetics were derived by inverse dynamics and expressed as external joint moments normalized to a product of body mass and height. Joint angles and moments were filtered using a fourth order (zero lag) low pass Butterworth filter with 15 Hz. Peak hip and knee angles and external moments in all three planes were calculated for both conditions (unanticipated and anticipated) and directions (medial and lateral) in Visual 3D. Three successful trials, with minimal stance time on force plate B, per condition and direction were included for analysis.
Data analysis
We calculated the number of successful trials/total number of trials per direction in percentage (*100) to assess feasibility. Overall movement patterns were observed from the ensemble average graphs of hip and knee angles/moments recorded during the deceleration phase of the land-and-cut maneuver . Data normality was judged using the Shapiro-Wilk test and histograms. Trial-to-trial reliability of outcome variables for the three trials (per direction per condition and leg) was analyzed using intraclass correlation coefficient (ICC [3, K], two-way mixed effects, consistency, average/multiple measurement). ICC scores were categorized as poor (<0.50), moderate (0.50-0.74), good (0.75-0.89) or excellent (0.90-1.0) (Koo and Li, 2016) . The standard error of measurement (SEM), as a measure of agreement, was analyzed using the formula r p ð1 À ICCÞ where r is the standard deviation (based on the mean of three trials) (Atkinson and Nevill, 1998; Schuck and Zwingmann, 2003) . The IBM SPSS software (v.23, Armonk, New York, USA) was used.
Results
Feasibility and movement patterns observed during unanticipated and anticipated diagonal hops of the ACLR and uninjured limbs
Participants had successful trials in lateral and medial directions of 74 ± 18% (mean ± SD) and 71 ± 16% for the unanticipated condition, and 91 ± 12% and 91 ± 12% for the anticipated condition, respectively, for the ACLR leg. Similar results were found for their uninjured limb (77 ± 17% and 77 ± 5% for unanticipated and Fig. 1 . A skeleton model illustrating retroreflective marker placement relevant for hip and knee angle and moment extraction for this study (anterior and posterior views): iliac crests, anterior superior iliac spines, greater trochanters, lateral and medial femoral epicondyles, tibial tuberosities, the heads of the fibulae, medial and lateral malleoli, lateral calcanei, the proximal and distal ends of the calcanei, the heads of the fifth metatarsals, the head of the first metatarsals, and the base of the first metatarsals. In addition, one marker on the sacrum and a rigid cluster of four markers for each thigh were used. 93 ± 12% and 95 ± 8% for anticipated trials, in lateral and medial directions, respectively). Descriptive statistics of angles and moments of the ACLR and uninjured limbs are summarized in Tables 2 and 4 respectively. Overall, participants demonstrated a pattern of hip flexion and internal rotation, and knees exhibited flexion, adduction, and external rotation during both conditions (anticipated and unanticipated) and directions (medial and lateral) ( Table 2, . The hips were slightly abducted initially (from IC to~25% of the landand-cut maneuver) and then adducted during the deceleration phase of the land-and-cut maneuver irrespective of the condition or direction; however, hip adduction moments were found for either condition/direction ( Figs. 3 and 4) . The angles-of-cut were similar for unanticipated and anticipated hops for both directions and legs, ranging between 34-36°± 2.3-3.4°.
Reliability of joint angles of the ACLR limb
Hip and knee peak angles demonstrated good to excellent reliability in all three planes for both conditions and directions, with only a few exceptions demonstrating poor to good/excellent reliability (hip abduction/adduction of UMDH [ICC 95% CI: 0.43-0.91], LDH hip internal/external rotation [0-0.86], and LDH knee internal/external rotation [0-0.83]). The SEMs were within the range of 4.6-16.4°for peak hip and knee angles in the transverse plane for LDH (Table 3) .
Reliability of joint moments of the ACLR limb
All hip and knee peak moments had moderate to excellent reliability for MDH (ICC 95% CI: 0.58-0.97), which was not the case for UMDH, ULDH, or LDH. Hip abduction/adduction moments were less reliable for the unanticipated trials (ICC 95% CI: 0-0.93), when compared to the anticipated trials (ICC 95% CI: 0.67-0.98), independent of hop direction. The reliability of the peak knee moments in the frontal and transverse planes was poor to good for LDH (ICC 95% CI: 0-0.88) (Table 3) . Moreover, peak knee abduction and internal/external rotation moments exhibited poor to good reliability for the unanticipated trials at least in one direction (ULDH/ UMDH). All other peak knee moments in ULDH/UMDH demonstrated moderate to excellent reliability.
Reliability of joint angles and moments of the uninjured limb
Overall, the reliability measures of the uninjured limbs resembled the ACLR limbs for both conditions and directions (Tables 4  and 5 ). Within-session reliability estimates were moderate to excellent, similar to the ACLR limb, for most of the variables with a few exceptions (e.g. peak hip and knee external rotation moments for the unanticipated trials in both directions). However, knee frontal and transverse plane moments of the uninjured limb showed better reliability (moderate to excellent) than the ACLR limb (poor to good) for LDH. 
Discussion
The novel task was designed to replicate one-leg landing followed by sudden cutting maneuvers where non-contact ACL injuries often occur (Cochrane et al., 2007; Olsen et al., 2004) . Landing with one leg followed by an unanticipated diagonal hop, mimicking land-and-cut maneuvers, might increase the difficulty of the task by minimizing decision-making time and further challenging dynamic control of the knee. We considered that our novel test was feasible to perform by individuals with ACLR due to a mean hop success rate of 71-77% for the unanticipated condition (similar to healthy individuals [69-84%] (Arumugam et al., 2019) ) and 91-95% for the anticipated condition. Indeed, the participants felt the unanticipated hops to be more difficult than the anticipated hops and lateral hops were more difficult than medial hops irrespective of the condition. Similarly, a lateral hop-for-distance has been reported to be more difficult than a forward hop (Vandermeulen et al., 2000) .
The peak angles of the hip and (ACLR/uninjured) knees in all three planes were generally found to be higher during the deceleration phase of unanticipated land-and-cut maneuvers than those of anticipated maneuvers for both directions, although with mixed results for peak moments (Tables 2 and 4 ). Our findings for joint angles are in accordance with a systematic review reporting higher knee angles for the unanticipated than the anticipated trials during weight acceptance phase (analogous to the deceleration phase) of a run-and-cut maneuver in athletes (Brown et al., 2014) . Further, another systematic review on one-leg cutting tasks reported that knee abduction and internal rotation angles and external moments were increased during the unanticipated versus the anticipated condition (Almonroeder et al., 2015) . Even so, irrespective of the direction, neither anticipated nor unanticipated hops showed large knee abduction or internal rotation angles or moments in the present study (Table 2) . Similar knee kinematics has been observed during one-leg drop landing (Nagano et al., 2007; Russell et al., 2006) or other land-and-cut maneuvers (Nagano et al., 2009 ). These findings suggest that participants adopted a strategy that may mitigate overall risk of lower limb injury (or ACL injury). Further, a 45°-cutting angle imposes a lower ACL injury risk than sharper cutting angles (90°, 135°and 180°) (Schreurs et al., 2017) . However, decreased planning time and large motion observed in the frontal and transverse planes during our unanticipated task (Figs. 3-6) appear to challenge dynamic knee control. The novel test may therefore be suitable to assess between-limb movement symmetry and be used for knee evaluation in individuals with ACLR.
This one-leg land-and-cut task is comparable to tasks such as a one-leg drop landing with side-cutting (Nagano et al., 2009 ), a crossover-cutting following a forward jump (Whyte et al., 2017) , and a run-and-cut task (Besier et al., 2001b; Kim et al., 2014) . Some of these tasks may mimic unanticipated cutting maneuvers that supposedly increase ACL injury risk (Besier et al., 2001a; Brown et al., 2014; Kim et al., 2014; Whyte et al., 2017) . However, oneleg land-and-cut maneuvers might be performed slower than run-and-cut maneuvers, while still emphasizing lower limb landing control considering the nature of double-hop with restricted arm movements (Chaudhari et al., 2005; Hara et al., 2006) . When compared to the anticipated condition, the unanticipated condition might induce high variability between trials and/or participants owing to prior anticipation of the direction of diagonal hop (non-modifiable), the angle-of-cut, planning time, and angleof-foot placement. A 45°angle-of-cut was estimated for either condition; however, it did not differ between conditions/directions (~35°) for both limbs. Similarly, another study reported~40°( ±5°) angle-of-cut for stepping-down and 45°side-step cutting (Houck, 2003) , although the formulas used for these calculationswere different between studies. The planning time for the unanticipated hops was around 300 (±25) ms which is less than the values (350-850 ms) reported by other studies focusing on unanticipated run/land-and-cut tasks (Almonroeder et al., 2015) . For anticipated trials, the light stimulus appeared well ahead of the diagonal hops (~3 s). The angle-of-foot placement was slightly different between conditions with ULDH and/or LDH presenting with greater foot external rotation (~3-5°) compared to their counterparts (p < 0.050, repeated measures ANOVAs with post-hoc Bonferroni adjustment). Thus, the hop direction (lateral vs. medial) has influenced the angle-of-foot placement irrespective of the condition.
Despite similarities or differences between conditions, the reliability estimates were similar for nearly all variables for UMDH and MDH of both limbs and ULDH and LDH of the uninjured limb. Conversely, LDH displayed lower ICC and higher SEM for peak hip and knee angles and/or moments in the transverse plane than ULDH for the ACLR limb. The lower ICC for LDH compared to ULDH may be due to a greater effort invested to quickly perform the task that may restrict transverse plane movement variation between participants to some extent. The increased difficulty for lateral than medial hops, reported by the participants, seems to affect the reliability outcomes.
The unanticipated trials presented lower ICC than the anticipated trials for peak moments of hip abduction, hip external rotation and knee internal rotation in either one or both directions for one/both limbs. The corresponding angles were low which indicates that these movements did not occur predominantly during the task (e.g. ACLR limb - Figs. 3-6 ). The SEM of almost all angles (Tables 2 and 4 ) was 5°, a threshold deemed acceptable for gait (McGinley et al., 2009 ) and even for UMDH/ULDH despite of the unanticipated nature of these hops. An increase in knee abduction and internal rotation might putatively elevate the risk of an ACL injury and is relevant for evaluation (Kiapour et al., 2016) . Our results of good to excellent reliability for peak knee abduction and internal rotation angles (representing minimum knee adduction and external rotation) in UMDH, MDH and ULDH and, conversely, poor to good/excellent reliability for peak moments in UMDH, ULDH and/or LDH deserve future evaluation, particularly LDH that showed less reliable measures.
Our findings resemble those of previous investigations; of particular interest is the lower reliability for knee frontal and transverse plane peak moments compared to those in the sagittal plane, which further substantiates previous findings (Alenezi Fig. 4 . Ensemble average (±95% confidence intervals, shaded areas; n = 20) graphs of hip angles and moments recorded during the deceleration phase of the land-and-cut maneuver of unanticipated medial (UMDH) and anticipated medial diagonal hops (MDH). The deceleration phase spans from initial foot contact on the force plate (B) to peak knee flexion. Ford et al., 2007; Malfait et al., 2014) . Our general finding of lower ICCs for peak moments than angles concords with earlier results (Alenezi et al., 2016; Mok et al., 2017; Sankey et al., 2015) , which might be attributed to the angle-of-foot placement at IC (claimed to influence knee transverse plane moment (Houck, 2003) ), and restricted arm movements (challenging postural control (Chaudhari et al., 2005) ).
The main differences in reliability between legs with low ICCs for ACLR leg in UMDH and ULDH, and LDH (hip and knee transverse plane angles and moments, and knee frontal plane moments), may indicate poorer motor control of the ACLR leg. The ICCs for the ACLR leg were generally lower during UMDH and ULDH compared to uninjured controls in our previous study (Arumugam et al., 2019) . Compared to the controls in that study, the ACLR leg showed lower ICC for peak hip adduction angles, hip abduction and adduction moments, and hip and knee external rotation moments for UMDH and/or ULDH. A greater between-trial variance could lead to lower reliability, which may indicate poorer lower limb control. As these differences were particularly found for ULDH, this concords with its greater difficulty level experienced by the individuals with ACLR.
Another source of variation between trials or conditions might stem from the differences in IC strategy. IC with the fore-foot compared to the rear-foot is thought to influence the transverse plane moment of the knee (Houck, 2003) , reduce loading on the knee joint (Donnelly et al., 2017) , reduce knee valgus and mitigate ACL injury risk (Yoshida et al., 2016) during unanticipated or anticipated cutting maneuvers. Although we used standard criteria for determining hop success, no strict rules were imposed to control the landing (rearfoot/forefoot landings). Almost all participants adopted a forefoot IC strategy irrespective of the condition or the direction. No trial-to-trial differences in the IC strategy (rearfoot/forefoot landings) were evident for either conditions or directions among these participants. Nevertheless, internal rotation moments demonstrated somewhat lower ICCs compared to the other moments including external rotation, because the knees were predominantly in external rotation, irrespective of direction or condition (Table 2 and Figs. 5 and 6) .
Methodological considerations, strengths and limitations of the study
To ensure data consistency: (1) the same assessor applied all markers on all persons, (2) rigid clusters of markers were applied on the thighs to decrease soft tissue movement artifacts (Collins et al., 2009) , and (3) a single cut-off frequency (15 Hz) was used to filter angles and moments to eliminate artifacts arising from using different cut-off frequencies for kinematic and kinetic data.
Though the novel test was designed to mimic land-and-cut maneuvers, it was performed in a laboratory setting and cannot entirely represent sport situations that challenge ACL integrity and is also somewhat standardized, thus questioning the ecological validity. Nevertheless, similar to one-leg single-hop tests (Hegedus et al., 2015; Myer et al., 2015) , our test is relatively easy and fast to administer, requires less space, allows easy video recording, and facilitates quantifying dynamic limb motion asymmetries. . Ensemble average (±95% confidence intervals, shaded areas; n = 20) graphs of knee angles and moments recorded during the deceleration phase of the land-and-cut maneuver of unanticipated medial (UMDH) and anticipated medial diagonal hops (MDH). The deceleration phase spans from initial foot contact on the force plate (B) to peak knee flexion.
Table 2
Joint angles and moments of the deceleration phase of the land-and-cut maneuver associated with unanticipated and anticipated medial and lateral diagonal hops of ACLreconstructed limbs.
Variables
Medial diagonal hop (mean (95% CI)) Lateral diagonal hop (mean (95% CI)) Stipulating hopping distance to 25% of the individual's height, with visual cues indicating the target landing areas, might have led to a controlled (sub-maximal) landing. Further, trunk motion could influence lower limb mechanics during landing tasks (Blackburn and Padua, 2008; Nagano et al., 2011) , but investigating this was beyond the scope of the paper. Previous studies investigating the reliability of run/land-and-cut biomechanics have also not considered the influence of trunk motion on the reliability estimates (Alenezi et al., 2016; Besier et al., 2001b; Marshall et al., 2014; Mok et al., 2017) . However, the individuals with ACLR performed our test with their hands behind the back to restrict arm and trunk movements. It must be noted that the unanticipated hops were performed before the anticipated hops which might have resulted in order (practice, fatigue, or boredom) effects.
A multivariate analysis comparing biomechanical variables between individuals with and without ACLR to address knowngroups/discriminative validity of the test is in progress. Future studies might investigate within-and between-session reliability Table 3 Reliability and agreement measures for joint angles and moments of the deceleration phase of the land-and-cut maneuver associated with unanticipated and anticipated medial diagonal hops of ACL-reconstructed limbs.
Medial of the task using different modelling approaches (inverse/direct kinematics) and point-by-point analysis (Sankey et al., 2015) over the entire landing phase in individuals with and without knee disorders.
In summary, our novel test seemed feasible among individuals with a unilateral ACLR. The relatively large hip and knee motion especially in the frontal and transverse planes (Figs. 3-6) during the unanticipated compared to the anticipated diagonal hops seems to challenge dynamic knee control. Overall, both limbs demonstrated moderate to excellent reliability for almost all peak angles and moments of the hip and knee for both conditions and directions, with a few exceptions in the frontal and/or transverse planes, especially for LDH of the ACLR limb. In summary, the novel test may become a valuable functional task for improved evaluation in knee rehabilitation following ACLR, but it needs further exploration.
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